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Qaims for the following Conbvcting States: ES > OR. 
@ Viral enpresalonbihlbltDret^ 

A method of Inhibiting the growth of a vims, the Dt\tA of ttie 
virus Inotudlng the nudale add sequence ffACGOii^ 
PyCGQTXY^, where each N, X and Y Is Independsrttly, any 
nudeotide. and Py Is C or T, the nutfeic add sequenoe being 
cspable of binding to a protein encoded by the OftlA of the virus, 
the protein, upon tmtSng to the miolelD add sequence, tmg 
capable of oauslng the enhancement of the transolption of 
DMA Of the vims, the method including fnhlbtting the prateln 
<^ from binding to the nudeld add sequence to ropraaa the 
transcription of DNA of said vlnis to Inhibit 1f» growth of the 
virue. 
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VIRAL EXPRESSION mHIBITORS 



This Invention relates to DMA vinises. 

P&pOlomevlruses are a group of smafl DMA vfruaes 
that cause warte and other diGeases In humans and 6 
other animals. One type of paptDomay^ Is the 
bovine papUIomavtrus (BPV). 

The upstream regulatory region (URB) that imme- 
diately precedes the ear^ genes of BPV contains 
Important ds^ng regulatory signals, including an 10 
orlg^ of DNA replication (Uisky et at., ^ Cell 391 
(1984)) and several promoters that function In early 
gene transcription (Stenlund et al^ 1^ J. MoL 
Bio. 541 (1985)). Recent studies have shown that the 
URR also contains an enhancer element that can is 
activate transcription of these promotens and of 
hBteinlogouB promoters In a manner that is Inde- 
pendent of the enhancer's pt^tfon and orientation 
rebtlve to the promoter It activates. This enhancer is 
conditionai in that it stimulates transcription vimentt 20 
is aclivaSed by a gene product of the BPV E2 open 
reading flame (ORF) (Spamolz et al^ 183 
(1986)). 

According to a first aspje»t of the present 
Invention there Is provided a composition for ss 
inhlbtting the growth of a virus, the DNA of the vims 
compridng ^e nucleic add sequence S'ACGXNNN- 
PyCGOmCfy, wheiBln eadi N, X and Y hfk^md- 
ently represents any nucleotide, and represents 
C or T, the nucleic add sequence being capable of SO 
binding to a protein encoded by the DNA o« the virus, 
the protein, upon binding to the nucNo add 
sequence, being capable of causing the enhancfr^ 
ment of the transcription of DNA of the vims, 
tfie composition comprising a substance tbr Inhibit- SS 
Ing the protein from binding to the nudeic add 
eequence to repress the transcription of DNA of the 
virus to Inhbtt the growth of ^e Virus. 

In a preferred embodiment tlte sutistance con^ 
prises anudeic add of at least 14 base pairs thathas 40 
a 14 base pair region of at least 60 percent homology 
with the nucteic add sequence, the nucleic add 
fragment being capable of binding to the protein and 
thereto prevemtfrig the protdn from binding to the 
nudeto acid sequence. 45 

Preferably, the nucleic add comprises ^e se* 
quence 5'ACCXNNNPyCGGfTXy3'. wherein each of 
N. X and Y indi^endently represents any nudeotide, 
and Py represents C or T. 

H is also prefenned that the nudeic add comprises £0 
the sequence 3TX3QVIWNPuQCCAVW5', wherdn 
each N, V and W independently represents ariy 
nudeotlde. and Pu represents Q or A. 

The nuddG acid preferably comprises 200 base 
pairs or less. ss 

Preferably. X represents C and Y represents Q, 
and it is also prefisrred that V represents Q and W 
rspresents C. 

The ^s is pref^ably a papQIomavlrus, and the 
protebi is preferably a papHIomavirus E2 protein. 60 

A particularly i^en^ vims is a human papHio- 
mavlrus. or a bovine papllicmavlnis. 

In another preferred embodiment the substance 



comprises a blocking protein capable of binding to 
the nudeic add sequence M^thout causbig an 
enhancement of the transcription, thereby prevent- 
ing the protein encoded by the DNA of the \nru8 from 
binding. 

Preferably, the protein comprises an amino add 
sequence that is substaitiaRy sMlar to the amino 
add sequence comprising the DNA binding domain 
of an E2 prot^. 

The DNA binding domain is preferably located with 
the 136 amino adds of tlie C-termlnal end of an E2 
protdn. more preferably y^mn the 110 amino adds 
of the ^terminal end of an E2 protein. 

It is prefenred tint Uia DNA binding donein Is 
located within amino adds 10-135 of the Otennnial 
end of an £2 protein, wherein amino add 1 is the 
carboxy terminal amino add. more preferably within 
amino adds 10-110 of the Otemninal end of an E2 
protein* wherein amino acid 1 is the castQ»f terminal 
amino add. 

According to a second aspect of the present 
bwemion there is provided a method of Inhibiting the 
growth of a virus whose DNA comprises the nudeic 
add sequence S'ACCXNNNPyCQGfTXYS' wherein 
each N, X and Y is independently, any nucleotide, 
and Py is C or T; tlie nudeic add sequence being 
capable of binding to a protein encoded by the DNA 
of the ^rus. the protein, upon binding to the nudeic 
add sequence, being capable of causing the 
enhancement of the transcripflon of DNA of the 
Virus, the method comprising mitibiting the protein 
from binding to the nucleic add sequence to repress 
the transcription of DNA of the ^ to InMI^ the 
grofwth of the virus. 

The expression. repRcatton and growth of the 
virus Is InNbited fay prevent^g the E2 protein frm 
binding to the nudeic add sequence (e.g.. by 
Introducing a substance that blocks the binding) and 
preventing E2 protdn mediated enhancement of 



in a prefenred embodiment, the method hdudes 
contacting the ^ral DNA with a nudeto add of at 
least 14 base pdrs (and preferably tess than 20O 
base pairs) that has a 14 base pair region of at least 
80 percent homology (exdudirig N. Py, X or Y) with 
the above nudeic add sequence; the nudeic add 
binds to the protdn and thereby prevents the protein 
from binding to the nudeic add sequence. 

in another preferred emk)0diment, the method 
induded contacting the viral DI4A with a blocking 
protein capable of binding to the nuddc aoM 
sequence but does not enhance the transcription of 
the Di^ of the vims, thereby prevent the protein 
encoded by the DNA of the vims from bindhg to the 
nuddc add sequence. Preferably the protein In- 
dudes an amino add seqience that is substantially 
similar to the amino acid sequence that indudes tiie 
DNA binding domain of an E2 protein. Substantially 
simOar, as used h^iein, means that the sequences 
ars at least 80<Vb (more preferably at least 90^) 
homologous. PreferabV. tha DNA blndntg domain is 
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located wfthin 135 amino acids, mora preferably, 110 
amino aolds, of the G-termlnal end of all E2 protein. 
The DNA binding domain Is preferably located within 
amino aolda 10-136. more prererabty 10-110 of the 
C-tsmilnal end of an E2 protein, where amino add t 
Is the oaxbtay terminal amino acid. 

In a prefenred f aature, the vinis IB a papDIomavfriB, 
more preferably, a bovine papillomavirus or a human 
pafAlomavfrus end prsferabiy the proteh) fe an 
protein. 

In a prefen^ feature the nuolelo add comprises 
an oligcmucleotlde consisting of t>etween 14 and Soa 
base pairs, prefenabJy one strand of which contains 
the sequence G'ACOaMNNPyCQQTXYS', wherein 
each N. X and Y Independently, any nudeotida, and 
Py Is C or T. Attematlvaly, In another preferred 
feature the nucleic add comprises the sequence, 
3TQQVNNhSPuGCCAVW5', wherein each N, V and 
W Is independently, any nudeotide, and Pu Is G or A. 

Preferably XisCandYisaitb also preferable 
that V Is Q and W Is C. 

AoaoiTfIng to a third aspect of the present 
Invention there Is provided the use of a substance 
for inhlbltlns a protein from binding to a nucleic add 
sequence to repress the transcription of DNA of the 
virus to Inhibit the growth of the virus, in a process 
for the preparation of an agent fbr Inhibiting the 
growtii of a virus, tiie DNA of the virus comprlshg 
the nucleic add sequence 5'AOCXNNN- 
PyCQGDCYS' wherein each N, X and Y Independ- 
ently fBiMiesent any nudeotide and P reprssentB C or 
T, tiia nucleic add sequence being capable of 
binding to a protein encoded the DNA of the vlais, 
the protein, upon binding to the nuddc add 
sequence, belr^ oapabfe of causing the enhance-' 
ment of the transcription of DMA of the virus. 

Preferred features of the third aspect are as fbr 
the first aspect and the second aspect. 

The invention provides a sbnple wa^y to treat warts 
In humans and a variety of diseases In other animals 
vidth compounds that are Inexpensive and easy to 
rnske. The E2 binding dte Is present In afl known 
paplllomavlmses, and thus any disease caused by a 
papOIomavlnja can be treated according to the 
methods of the biventforL Moreover, because the 
protein enhancer Interaction that the compounds 
blook is specific to the viruses being treated, the 
compounds should not adversely affeot cells that are 
not infected witii a papillomavirus. 

Other features and advantages of the invention 
will be apparent trom the fdlowing description of the 
pr^^d embodiments given by way of eBomple 
ody and Itom the claims. 

The drawings wn first brIsRy be described. 

Fig. 1 1s a dlagremfnasic representations of 
theBPV-1 genome and of the veotQrpCOE2«1. 

Ffg Z Is a restrfeUon endondease map of the 
enhancer region of BPV-1. 

F^. 3 are DNA sequences Hiat are bound by 
the E2 protein of BPV-1 . 

F{g. 4 Is a diagrammatic representation of E2 
proteins* 

The E2 binding sequence e'ACCXNNN- 
PyCQQ1XY3'i where X, N and Y are as described 
aboVB In the statements of the Invention, is fbund In 



an Icnown papHIomavlruBes. Each type of papDIoma- 
vlnis, e.g^ BPV-1, H{human)PV-1, HPV-6. etc., 
contains a gene (the E2 gene) that encodes a 
protein (the E2 protein) that binds to the E2 binding 
5 sequence and acts as thB tran&univating protein of 
tiie E2 enhancer. E2 proteins of the various strains of 
papDiomavlruses have dose^ homologous antfno 
add sequences. 
Ref^Ing to Rg. 1A. an example of a paplflomavf- 

10 ois genome, the 8 kb BPV-1 genome (Unearized at 
the HIndlll site), is depicted In nudeotide coords 
nates, witti the Hpal site being at nudeotide 1. E1-8 
are tiie '*ea/1y region" (expressed fri cultured cdfs) 
open reading frames (ORF). URR Is the upstream 

16 regulatory region. 

The E2 binding site (or sequence) la located at 
several places In the URR and at other sites In tiie 
genome of BPV-1 and other paplllomavimses. E2 
proteins bind to the binding sttss and enhance the 

20 trensortption of DNA. Inhibition of tills blhdng 
represses the transcription of the DNA and thus 
Inhlbffe vfrai growth 

There are two preferred methods of tnMbitf ng the 
binding of an E2 protein. 

2S In the first prefen^ method, a nudeic add that 
Indudes the DNA sequence of ttve E2 binding sJto Is 
transtemed Into cells containing the viral DNA. The 
nudeic add binds to the E2 protein that te present h 
tiia paplliomavirus Infected cell, and thus prevenfe 

so the protein friom binding to Itm nuddc add 
sequence In tiie viral gmme. 

In the second prefenred method, a protein that fe 
capable of binding to tiie above nuddo add 
sequence but which does not enhance transcription 

Sff to introduced into the oelfe.TT)eprotainbfricfe to tiie 
sequence thus preventing the E2 protein encoded 
by the vM DNA Itom binding and, accordingly, 
preventing the enhancement of transcription. 
The structure, method of production^ and diarao- 

40 terizaUon off E2 imteins, E2 proteln-trfnding nuddc 
adds, and proteins capable of binding to nuddc 
add sequences In the B! DNA binding site vrfttiout 
enhancing tranecrlptlon are described next 

45 E2 Proteins 

The E2 gens has been Identifled In the genomes of 
a variety of papfflbmavlruses. inctudbig In human 
strains euch as HPV-1, HPV-6. HPV-^, HPV-«, 

BO HPV-16. HPV-ie, and HPV-31 . The DNA sequences 
of mai^ of these papillomaviruses are readily 
Bccesdble. e.s^ in GenBank; the DNA stance for 
BPV-1 Is described in Chen et d., 7 Nature 529 
(1982)* Where the DNA sequence of ah E2 gene is 

SS Icnown, the structure of the E2 protdn encoded can 
be readily identified, and the protein, or portkm 
tiiereof, can t>e synthesized by starrdard methods. 

The E2 protein of a particular pfi^lOomavlrus 
whose DNA is not sequenced can dso be readily 

60 Obtained by those ekllled In the art In general, the 
DNA of a particular papfltomavlrus Is fragmented, 
and a standard Southern Blot performed to f^d the 
fragment that Is homologous to the below described 
E2 gene segment of BPV-1 (or any other appropriate 

es par^omavinis E2 gene segmBm). n tfia ^ment 
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tiiat binds to ttie BPV-1 E2 gene segment Is large. 
e.g., 2000 base paSrs, the fragment can be further 
dlgasted vrfth rBstriclion enzymes unta a smaller 
fragment Is teotatad with the approprtat© homology. 
The fragments are subcloned into an expression 
vector, and the ctones are screened to detBrmlne 
which ones produce a protein that binds to the E2 
birwflng sequence (sea below). 

A segment of the E2 protein of BPV-1 that 
contains the DNA binding domain was pi^odiioed and 
characterized as foDows. 

Referring to Rg. 1, the 3* three-fourths of the 
BFV-1 E2 ORF was cloned Into pCO-6, an express^ 
Ion vector that contains the phage lambda Pl 
promoter, and fused to the amino terminal end of the 
lambcb cll protein, as described by Androphy et al^ 
230 Science 442 (1985)* The Nari to BamH i fragment 
(nucleotides (nt) 2944^0) of BPV-1 was Inserted 
Into the Cte /BamHi site of pCOS, ft»lng the Pl 
pnwnotBT, a rikjosomo binding site, and 13 amino 
acids of the phage dl r^t-tenntnus to the E2 protein 
segment encoding'* DNA. The resulting vector. 
p(X)E2-1, directs the synthesis of 13 M>terndnal 
arrriho acWs of cll Momd lrv*ame by the 297 
carbo)^ tenninar amino acids of the BPV-1 E2 
protein (the first in-frame stop codon Is at nt 3B38) 
Ihe above done was Introduced into an E. coll 
strtfn N6406 ^ Sdenoe 442; many other v\feK- 
known strains can also be used) that contains the 
lambda d^^ts repressor of PL The bacteila were 
grownlnlnlntm8lmecDumat3?'C» Induced at 42° for 
15 minutes, and labeled with ws-methtonlne for 16 
minutes. After sequential tiBatment of the bacteria 
with iysozyme and DNAase I. proteins were sohh 
bilized with 4 M urea/ImM tftMothrettoI (DTT). At 
this point, approxftnatery two percent of total 
bacterial protdn is the 37 Mlodalton (HDa) BZfrialon 
protein s^pnent. 

In order to produce antibodies to the E2 prote'm 
segment the 97 KDa band was extracted from 
SDS-po^acrylamlde gele and used with PlrMid*s 
adjuvant to Immunto rabbflB at 3- to 4-week 
intervals. This resulted In rabbit sera with antibodies 
that recogntzed the E2 fUslon protein segment but 
did not cross-raact with bactariaOy q^esized BPV 
B6 or H-ras fu^n proteins that had the same dl 
amino-terminus. This result indicates that the aera 
recognized E2 specific epitopes end not the dl 
portion of the protein. 

A band of the same mdeoular weight was also 
ImmunopiedpitatBd with antlsera raised against an 
in ^tTD synthesized peptide derived ftom the 
predcted BPV-1 E2 protein sequence, confinning 
that the 37 kOa band was a BPV-1 E2 ftislon protein 
segment 

E2 protelrvWndlnB DMA 

To test the ability of an E2 protein to speclfteally 
bind to a paf^lomavlnis' Df^A, a stringent Dl^ 
immunoprecipitatlon assay was used (145 J. Mol. 
Biol 471 (1981); Amfrophy et al.. ^ Nature 70 
(1987)). Labeled DNA fragments are first Incubated 
vtfith protein-antibody complexes linked to insoluble 
Sepharose beads In the presence of excess un- 



labeled oorr^tttor DNA. After the complexes are 
washed several Ones to remove the unbound 
fragments, the bound fragments are disassociated 
and ana^ed by gel electrophorasls. 
5 The foBowIng is an example of the above de- 
scribed assay. 

Rfty ng of the partially above purified BPV-1 E2 
protein segment (50^ by acrylamkte gel analy^) 
was cfiiuted with DIB (20 mM HEPES pH 72, 150 mM 
10 Ka 0.05«Vb NP 40, 1 mM EDTA, 1 mM DTT, m 
aprotlnin) and incubated at 4''C with E2 specfflo 
antiseia. Complexes were collected with protein 
A-Sepharose and wa^ed with DIB. After restriction 
oidonuctease digestion and end^abeQng with 
IS 82p.^|gTps using the Wenow fragment of DNA 
Polymerase 1, 20 ng of DNA were added in 0.2 mi of 
DIB containing 400 ng of unlabeled pML2d (Ljusky et 
al., 293 Nature 79 (19S1)). After 1 hour at 37*^ the 
complexes were pelleted and washed 4 times with 
20 DIB. dissociated In SDS at BS^C, phend-ohloro- 
form extracted, and the released DNA ethanoi 
precipitated after the addition of canier DNA. The 
resuspended DNA was denatured and analyzed on 
standard acryfamide sequencing gels or on a 
25 gradient sequendng get. 

In the initial DNA binding experiment, the full 
length 8 kitobase (kb) BPV genome was digested 
with a combination of BamHi, Hindlll, and Sau96l 
endomicteaaes and then end labeled with ^P. Two 
30 fragments were spedllcaOy bound by the 6PV-1 E2 
protein segment-antibody complexes. One fragment 
had 498 bp (nt 6958*7456) , and the other had 233 bp 
(nt 7586-7816). Both fragments are within the 
segment of the URR that has enhancer activity. 
35 Specific binding occurred over a pH range of as to 
7A, a temperature range from 4** to 37*^0, and fri 
concentrations of the deterge NP40 from 0X)5 to 
0j6 percent. In control experiments, no DNA binding 
was detected when pre-4mmune sera was used In 
40 the assay or when the same dl peptide was Dnked to 
the BPV E6 protein or the^H-ras protein and the 
asssy performed with either Tie E2 antisern or 
antlsera that recognize the B6 or Hhbs peptides. 
Accorcflngly. the binding of the two fragments is due 
45 to a sequence speoifteinterBClion with the E2 fusion 
protein segment The BPV E2 fusion protein seg- 
ment also reacts specifically with the HPV16 UHR 
(Seadorf etal.. 145 Virology 181 (1985)). %vfm binding 
to a abigie 88 ^fkagment (nt 24*112). Neither the 
$0 8V40 genome nor the Haivey murine sarcoma vinjs 
LTR. whtah both contain enhanoera, possess se> 
duences that are specifically recognlzad by the E2 
protein segment in this assay, bidcallng that DNA 
sequences recognb»d by the peptide are not 
55 common to other enhancer elements. 

When the BPV fmgments are thermally denatured 
prior to Incubatkm with the E2-«ntibody cornplexes. 
all of the single strand finagments above 100 nt are 
bound. Indicating that the E2 prot^ segment binds 
60 to single stranded DNA non^pectflcafiy. 

Since other sequence specific DNA binding 
proteins may bind DNA nonspecificaOy when as- 
sayed under condittons of protein excess, the above 
experiments were performed with low concentra* 
es Hons of the E2proi^ segment When more Gfttie 
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E2 protein segment was used in the assay, two, 
additfonal binding sites In the BPV-1 genome worn' 
revealed. One Is in a 219 bp fragment that is located 
further upstream in the URR (nt 7619^). and the 
other Is In a 355 bp fragment located in the E2 ORF 5 
(nt 2904-3259). Thus, there are severe! E2 binding 
sites within the BPV genome most are located wttMn 
the URR, and there Is a hierarchy In the afflnftfes of 
these sites for the peptide. At least one additional 
binding site was also detected in the HPV16 genome ' io 
when the concentration erf E2 prob^ segment was* 
Increased. 

tn order to more precisely determine the number 
and location of the high affinity E2 binding sites, the 
987 bp Hlndlil to (nt 6958-7945) URR fragment IS 
was Isolated, and the ability of the E2 protein 
segment to recognize this se^ent after digestion 
with varfous restflotion endonudeases was tested 
(Fig. 2)* Three fragments of 273, and 60 bp were 
hnmunopredpltated after Fold digestion; Ddel and 20 
TagI revealed two binding fragments of 317 and 70 
bp; and digestion with H^l and Sau98i generated 
two binding fragments of 179 and 66 base pairs. 
Since the 56, 60. and 70 bp fragnmnts that were 
bound by the peptide are non-overlapping, the E2 & 
protein segment recognizes at least three high 
affinity elements in the URR, located between nt 
7366-7408, nt 7624-7683, and nt 7767-78^ (Rg. 2). 
The results also demonstmte the ablOty of the E2 
complexes to speci^ca% and effldenlly bind smaU' 30 
DMA fragments. 

The DIMA sequences of the fragments to which the^ 
pepttde bound were compared to detennlne If they' 
oontBin common eequenoes (Rg. 3). AH of the 
fliaomente that epedRcalty bound the E2 protein 3S 
segment contain a similar motif which has the 
oonsensus sequence of ^ 
ACC(G)NNNPyCQGT(QC)3' (nudeotldee in paren- 
theses are preferred but not Invarterlt; N can ba any 
nucleotide, and 1^ can be CorT). This molir la fbund 40 
on either strand of the DMA, and tn two Instam^s 
two copies are In close prosdmlty to each another 
(sites HV In Fig. 2). Stta 1 Is not bound In the 
Hpall-Sau96l digest and Hpal l deaves the putaUva 
'^ndoognKion aaquenoa of this site segmenta. 45 
Sequence anaiysib of BPVand HPV16 indtoaled that 
the motif Is Dmtted to those segments tliat are 
recognized by the E2 ptitein segment Sequences 
similar to tMs motif have been reported In the URRs 
of all other paplUomavinjsea ttiat have been se- 60 
quenced (Dartman et al., 161 Vbrdogy 124 (1986)). 
The sequences ere nolaliowever, present in the 
other viral genomes surveyed in a computer search. 
Including 8V40, Polyoma, Bovine leukemia virus, and 
Moloney murine leukemia virue. ss 

inhibition of E2 Protein Bhding 

The ability of a 23 bp URR fragment that Includes 
the oonsensus sequence to Inhibit the epecific eo 
binding of the BPV-1 E2 protein segment to BPV 
DNA was examined in a competitfve inhlbltfon as^y. 
The ability of a 23 URR fragment that does not 
contain the consensus sequence to inhibit the 
binding also was examined. es 



Assays w/ere perfomied using 25 mg of the BFV-1 
E2 protein segment In the Di^ precipitation proce- 
dure described above, except that 1-1000 ng of 
compelhg unlabeled fragment was added to the 
labeled BFV DNA prior to its Incubation with the 
Bntibody-E2 complexes. The competing double- 
strwded DNA fragment contained either ^e se- 
quence ycaTCA AACCaTCTTCGGTQCT Oy (the 
E2 binding aita sequence IJib is underlined), or 
5'QCQCATAATCAGCTTAATTGQTQ3' (no E2 bind- 
ing site sequence). 

The fragment that includes the E2 blncflng stt^ 
sequence effectively blocked the Inrnninopreclpita- 
tion of the BPV fragments; ft was approodmately one 
thousand times more effective than the 23 bp 
fragment not containing the consensus sequence. 

Single stranded oligonucleotides containing the 
sequences cBd not block the immunoprecipitBtion of 
the double stranded BPV DNA fragments. 

E2 Specific DNA Binding ActivHy In BPV 
Transformed Ceils 

Protein fractions from Isolated nuclei of BPV 
transformed C127 ceils (1D14) and control Ct27 ceils 
were tested for the presence of specific DiVlA 
binding aotivfty that could be Immimopreclpitated by 
the E2 antfsem In the DNA bnmunopreolpitation 
assay as described above. The 233 bp &uj9m BPV 
URR fr^ment, which contains four of the binding 
motifs, was specifically bound and tmmunopredpl- 
tated with the 1D14 sxfraot but not with the C127 
extract The DNA fragment was {mmunoprectsHatBd 
by the antHS sere tiut myt by the prelrmmine sera, 
Indteating thafi the binding prot^ has E2 epedflc 
epitopes. 

The Immunoprectpltation of the 233 bp fragment 
was oompetively blocked by the 23 bp fragment that 
contained the E2 binding site sequence but not tiy 
the frngment that laoked a sequence. Indicating that 
the BPV transformed ceils synthesize an E2 protein 
and that the E2 protein tn BPVfransfonmed oeBa has 
the same DNA binding spedftelty as that of the 
bacteria]^ ^fnlhesiZBd E2 protein. 

ProtBlh Binding to E2 Bfridfno Site Seouenoe 

Referring to Rg. 4^ the Di^ blncflng domain of E2 
proteins, Lc the portion of the protein rs^onslbie 
for the DNA binding activity, Is iocated In the 138 
amino acids that comprise the C-termbal segment 
of the molecules (amino acid 1 being the carboxy 
tenfninal amino acid). In particular, the Df^ binding 
domain Is substantlaliy tocated between amino aoMa 
10 and 110. The transolptlon enhancement activity 
domain of E2 proteins is at least in part looaSed In the 
N-termlnal segment (the segment between amino 
add 2S7 and the N-tennina] arribio add) of the 
molecules. 

Introducing Into a papillomavirus Infected cell a 
protein that contains the DNA biding domain of an 
E2 protefai, but which does not Include the transcrip- 
tion enhancement domain, blocks E2 proton binding 
sites without enhancing the transcriptkm of viral 
DNA Suitable biocMng proteins Include (a) those 
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segments of E2 proteins consisting of the DMA 
fahwJ'mg domain; (b) segment |a) plus son» or all of 
the remainder of amino adds 1-110, or 10-110, of the 
04ermir»l segment; (o) segments (a) or (b) plus 
some ad of amino acids 1 10-^ of an E2 protein: 
(d) segment (c), plus all or some of the amino acids 
In the i<Harmlnal secant of an E2 protein that are 
not reeponstble fortranscrlption enhancement activ- 
ity; and (e) any of the above segments having 
non-E2 protein amino acid sequences added to 
ei^er the N or Otermkial end of the segment 
Preferably, the proton does not contain more than 
GOO (more prelembiy 180, most preferably 135) 
ambioBDida. 

The above segments can be readily synthesized 
using alandtfd recombinant DMA teohnlques. or 
solid phase synOiesIs techniques. 

To determine if aparticular segment. e.g., one that 
consists of less than amino acids 10-110 of the 
C-tnrnlnal sogmant of an E2 protein, is suitable for 
use as a bloddng protein, the segment is tested 
using lha DMA bMIng assay described above. If the 
segment binds the E2 DNA blndbig sequence and 
does not oontafri any portion of the N-temnlnal 
segment of an E2 protein. It Is suitable for use aa a 
bloddng protein without further screening because 
the fira^nent wDi not have transcrtption odiance- 
msntaott^. 

If the tested segment also contains part of the 
rMermlnal segment of an E2 proton, the segment 
should be tested further, bjq^ according to the 
general methods desorfbed In Spalholz el al., supra. 
to determhe If the aegment laolcs transcrtptton 
enhancement aottvtty. Fbr example, the DNA that 
encodes the tested segmente Is nnked to a suitable 
promoter, eg., SV40 or a retroviral LTR, and 
cotransfected Into a suRabla coB Hna (e.g^ GV-1 
c^s) along wim the E2 binding site Unked to an 
Indicator gene (e.g., CAT gene). The cell One w» 
produce the segment being tested, and the segment 
wai bind to the E2 binding site. If the segment 
includes the portion of the N-termlna! E2 segment 
that Is re^nsibte fbr transcripfion enhancement 
acthrity. the GAT gene will be expressed, and the 
segment is not suitable for usees a blocking protdln. 
If the segnvent lacks the portion of the N-termlnal E2 
eegment that Is responsible for the enhancement 
adMty, the gene wID not be expressed, and the 
segment is siitabte for use as a bloddng protein. 

A spedRc example of a bloddng protein Is the 
BPV-1 E2 prt^ segment described above. 

Use 

An oUgonudeotide having a DNA sequence within 
the above formula Is able to bind to any pcqiiltomavt- 
rus B2 protein m vivo. Cells Infected with a 
papOlomaVIrus can be saturated with the ollgonude- 
otkle to bind the E2 protein produced by that 
p^niomavlrus and prevent the protein from Interao- 
tlng wHh viral DNA and enhancing viral gene 
expression, nssultlng in the Inhibition of the express- 
ion of ^9 virus. 

The oBgonudeotides can be provided In pharma- 
ceudcaily acceptable media to be applied to regions 



infected by ttie papilloma vims, or for injection Into 
an animaL They are especially useful for appllcalten 
to a human wart The oligonucleotides must lie at 
least 12-14 nudeotlde bases in length: lor external 
appitoaUon. e.gn to a wart the oligonudeotktes 
should not have more than about 200 base pairs 
(more preferably no more' than 100 bm pairs, most 
preferably no more than 60 base pairs), or the 
molecules will not penetrate the sWn. The oligonu- 
cleotides may be either free in solution, or Ilgated to 
the DNA of a non-pathogenic virus for transfection 
Into an Infected cell Aitcmatlvely. a small amount 
(e.g., about 0Ll-10}ig) of an oBgonudeotkle prepara- 
tion (ag., the oRgonudaotide dissolved in DMSO 
and/or saline) may be aOowed to penetrate viral 
Infected cells (e.g.. by the method described In ^P, 
Nat Acad, Set 2781 (1986)) by applying the 
preparation to an infected region; preferably In ^e 
preparation contains H}TA to prevent nudease 
activity. 

Peptides containing a papilkmiawus E2 protein's 
binding domain (but not the transcription enhance- 
ment domain) can also be used to Inhibit the growth 
and expression of a papillomavirus. The peptide can 
be Introduced Into viral-Infected cells so that It can 
bind to the E2 WA binding sites and pravem native 
E2 protein Itom bindng. A peptide containing the 
binding domain of any E2 protein can be used to 
treat any pai^lomavlrus infection The peptides can 
be (fissolved in a phannacok>^caIly acceptable 
buffer and appaed to Infected cells. DMSO and EDTA 
can be used to help the uptake of the peptide and to 
Inhibit protease degradation. Alternatively, the pep- 
tide can be fused chemicaliy, or by standard gsnetto 
engineering techniques, to a cell speclfte receptor 
peptidBb e.g.. epMermal growth factor, so that the 
peptide is mora reacSy taken up by cells. Further, the 
pepUde may also be fused to a nuclear targeting 
sequence (see 7 Mol. & Cell Bki. 2451 (1987); 2Q 
Ceil 489 (1984)r46 Cell 575 (1986); 6 Md. & Cell. 
Bio. 4138 (1988):'^ Natore 33 (1984)) so that the 
EZ-profdn fte^nent Is transported to the cell 
nucleus where it can inhibit viral growth. Preferably, 
the peptides are applied In the range of 1-1,000 )ig 
per kg anbnai. or at 1-1,DQQ}io/ml when used 
toplcaOy. 

Other embodimsnte are wWite the fbSowing 
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55 I.AcomposifionforinitibmnglhBgrowthofa 
vfrus Gharacterteed 1h that the DNA of the virus 
comprisee the nucleic add sequence 
G'A(X^NNPyCQ(nxy3',wheretneadiofN,X 
and Y Independently represemte any nudeoOde, 

69 and Py independently represente C or T, the 
nudelc add sequence being capable of binding 
to a protein encoded by the DNA of the vtnis, 
the protein, upon binding to the nudeto add 
sequence, being capable of causing the en- 

6S hancement of the transcrfptlon of DNA of the 
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virus, 

the composition comprtelng a substance tgr 
inhibiting the protein from binding to the nucleic 
acid sequence to repress the transcription of 
DMA of the virus to inhm the growth of the 5 
virus. 

2. A composition as claimed in claim 1 
characterised in that the substance comprises 
amideio add of at least 14 base pairs that hasa 
14 base pdr region of at least 80 percent 10 
homology with the nudelc add sequence, the 
nudaio add fragment being capdblfr of binding 
to the protein and thereby prevontlng tho 
protein from bbuflng to the nudelo add ee- 
quenoa; f5 

a A composition as daimed In dalm 2 
characterised in that the nuddc add compri^ 
the sequence efACCDCNNNPyCGGmClV. 
wheretn each of N. X and Y bidependently 
represents any nudeoUde and Py reprBsanfeB p £o 
orT. 

4. A compositim as ddmed In dabn 2, 
characterised In that the nuddc add comprises 
the sequence 3TQQVNNI4PuGCCAVVUS', 
wherein eaoh N, V and W la Independently, any SB 
nudeotlde and Pu is Q or A. 

6. A compodtion as daimed In any one of 
cia&na 2 to 5 chareotertsGd In that the nucldb 
add comprises ^ base pairs of less. 

a A composition as daimed if) any one of $o 
daims 1 to 6 charadBriaed In that the virus la a 
papiUomavirus. 

7. A composition as daimed In any one of 
dabns 1 to 6 ch^acterised in that the protein a 

a papllloma^^ E2 protein. 55 

8. A composition as ctelmed in daim 1 
charaoterised In that the substance con^rtses 
a blocking protein capable of binding to the 
nucleic add sequence without causing art 
enhancOTiant of said transcription, thereby 40 
preventtng the protein encoded by the ONA of 

the virus from binding. 

9. A QomposSion as cblmed In daim 9 
characterised in that the protein comprises an 
amino add sequence that is subetanttaily 45 
similar to the amino add sequence comprising 

the DMA binding domain of an E2 protein. 

1 0. A method of inhibiting the growth of a virus, 
characterised in-that the DMA of tha virus 
con^rlses the nudelc add sequence 50 
e'ACa^^^^PyCQOmc^, wherein each of N, X 

and Y Independently represents any nucleotide, 
and Py represents C orT, 
ttie nuddc add sequence being capable of 
binding to a protein encoded by the ONA of the 55 
vims, the protein, upon binding to the nudelc 
add sequence, bdng capable of causing the 
enhancement of the tmnscrlptJon of DMA of the 
virus, 

the method comprldng Inhibiting the protein €0 
from bbuftig the nudelc add sequence to 
repreaa the transciiption of DMA of the vims to 
inhibitthe growth of the virus. 

11. The use of a eubstance for Inhibiting a 
protdnfirom binding to a nudelc add sequence 65 



to repress the transcription of DMA of the virus 
to inhibit the growth of the virus, in a process 
for the preparHtlon of an agent for inhibiting the 
growth of a vims, the DNA of the vims 
comprising ^he nudelc add sequence 
e'ACCXNNNPyCQGTXY3' Wherein each N, X 
and Y independently represent any nudeotlde 
and P represents C or T, the nuddc add 
sequence being capable of binding to a protdn 
encoded by the DNA of the virus, the protdn 
upon binding to the nudelo add sequence, 
being capable of causing the enhancement of 
the transcription of DNA of the 

Clalin& for the following ContacUng Stalea: QR, 



1. A method of InMbitIng the growth of a virus 
charaotarlBed In that the DNA of the virus 
comprises the nudelo add sequence 
PACaCNNNPyCQGTXVS', wherdn eachof N,X 
and Y Independently represents any nudaotide, 
and Py represents C or T, 
the nudelo add sequence bdng capable of 
binding to a protein encoded by the DNA of the 
virus, tha protein, upon binding to the nudelo 
acid eequenoe, beli^ capable of causing the 
enhancement of the transcription of DNA of the 
vims, 

the method complsing Inhibiting the protein 
from binding to the nuddc add sequence to 
repress the transcription of DNA of the vinis to 
Inhibit the growth cff the virus. 

Z A method as claimed In dalm 1, charac- 
terised in that the metiiod comprises contact- 
ing the DNA of the virus with a nudelc add of at 
least 14 bBso pairs that has a 14 t>ase pair 
region of at least 80 percent homology witii the 
nuddc add sequence, ttie nudelc add frag- 
ment binding to the protein and thereby 
preventing the protein from binding to the 
mjdeic add sequence. 

3. A method as claimed In dafm 2 cfiarao- 
terlsed In that the nuddc add comFiriaes the 
sequence S^ACCXNNNPyCGQlXYa', wherdn 
each N, X and Y is. Independentiy, any nudeo* 
tIdB,andPyi8CorT. 

4. A method as cfealmed in cidm 2 charao- 
terteed In that the nudelc add comprises the 
sequence STQQVNNNPuQCOAW^ Wherdn 
each N, V and W Is, independently, any 
nudeotide, and Pu Is Q or A. 

5. A method as cidmed in ddm 2 charao- 
terised In that the nuddc add comprises 200 
base pairs or lass. 

6. The method of claim 1 , wlwdn said virus is 
a papillomavirus. 

7. The method of claim 1 , wherein said protdn 
is a paplDomavirus E2 protein. 

8. A method as daimed in ddm 1, charac- 
terised in that the metiiod comprises contact- 
bngthe DNAof add vims virifli ablocidng protdn 
capable of binding to the nuddo add sequence 
without caudng an enhancement of tha trenr 
aerlptlon, thereby preventing eald protein en- 
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coded by the DMA of said virus from binding. 

9. The method of claim 8. wherein said protein 
comprises an amino acid sequence tiiat Is 
substantially s War to the amino add sequence 
comprisfng tt)e DMA binding domain of an E2 B 
pfoteln* 

10. The use of a substance for Inhibiting a 
pmtein from tending to a nucldc add sequence 
to repress the transcdptton of DNA of the virus 

to Inhlbll the growth of the virus. In a process iO 
tdr the preparation of an agent for Inhibiting the 
growth of a virus, the DNA of the vims 
comprising the nudeic add sequence 
ffACGXNNNPyCQQfTXVa' vwhereln each N. X 
and Y Ind^jenderffly represent any nucleotide is 
and P lepresents C or T. the nudelo add 
sequence being capable of binding to a protein 
encoded by the DNA of the virus, the protein 
upon binding to the nudelo add sequence, 
being capable of causing the enhancement of SO 
the transcription of DNA of ttie virus. 
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VIRUS 


LOCATION 


NUCLEOTIDES 


SEQUENCE 


BPVl 


URR I 


7375-7362 


ACCG CC6 CCGGTGC 


BPTl 


DRR lis 


7620>7633 


ACCG CCA TCG6T6C 


BPVl 


USR lib 


7645-7632 


ACCT ATA TCGGT6C 


BPVl 


tmB. Ilia 


7760-7772 


ACCG TTG CCGGTCG 


BPVl 


URR IIIB 


7780-7793 


ACCG TCX TCGGTGC 


BPVl 


DRR IV 


7906-7893 


ACCG GTT TC6GTCA 


BPVl 


E2 


3088-3101 


ACCA T66 CCGGTGC 


HPV16 


URR la 


35-48 


ACCG AAA TCGGTT6 


HPV16 


UHR lb 


46-33 


ACCG ATT TCGGTTA 
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